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Supplementary Information
3.2 Theoretical

SCAPS-1D software tool

– In this work a one-dimensional solar cell capacitance software (SCAPS-1D) developed by the University of Gent,
Belgium is used.

– The Poisson and continuity equations for holes and electrons are as follows:
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Here, ε is the permittivity, q – charge of electron, ψ – electrostatic potential and n – electrons’ concentration, p – free
hole concentration, nt – trapped electron, pt – trapped hole, N+

D – ionized donor like doping and N−
A – ionized acceptor

like doping concentrations, Rn(x), Rp(x) are electrons and holes recombination rates, G(x) is the generation rate, Jn and
Jp are the electron and hole current densities, respectively.

Solar cell performance

The measure of a photovoltaic cell quality is the Fill Factor (FF). FF is premeditated by equating the maximum power
(Pmax) to the theoretical power (Pt ) which would be output at both the short circuit current (Jsc) and the open circuit voltage
(Voc) as given in equation S4. The ratio of the energy output from the photovoltaic solar cell to the energy input from the
sun is the power conversion efficiency (PCE) mathematically expressed in equation S5.
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Table S 1: Materials parameters used in the simulation (Ahmmed et al., 2021)

.

Material properties Unit ITO ZnO NRs Ni:CuO
Thickness (µm) µm 0.1 0.25 1.6
Relative dielectric permittivity (ε) - 8.9 9 10
Band gap (Eg) eV 3.65 3.37 Variable
Electron affinity (χ) eV 4.5 4.2 4.07
CB effective density of states Nc cm−3 5.2×1018 2.2×1018 2.2×1019

VB effective density of states Nv cm−3 1.1×1018 1.8×1019 5.5×1020

Electron mobility (µe) cm2/V.s 40 200 10
Hole mobility (µh) cm2/V.s 30 50 0.1
Donor (Acceptor) density ND(A) cm−3 1×1021 1×1018 1×1016

Defect density cm−3 1×1017 1×1018
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